| INTRODUCTION
The age standardized incidence of hip fractures in Swedish women is estimated to be around 539/100 000. 1 Similar figures have been reported for other countries in Europe and as the population is growing older the total number of hip fractures is expected to rise. 2 Patients suffering hip fractures often have multiple comorbidities and mortality and morbidity is high even though a hip fracture most commonly is a result of a low-energy trauma. 3 Treatment bundles focusing on simple measures to optimize vital organ function, pain relief and early surgical management have been introduced in several countries. 4 Even so current 30-day mortality for out-of-hospital hip fractures is 6%-10%. 3, 5, 6 It is possible that outcome could be improved by identification of high-risk patients that may benefit from further work-up, additional therapeutic interventions or more advanced perioperative monitoring. 7 Furthermore, risk assessment tools may be used to compare performance within hospitals over time and between
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This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. hospitals while taking into account differences or changes in casemix. The Physiological and Operative Severity Score for the enUmeration of mortality and morbidity (POSSUM) score is a commonly used scoring system for perioperative risks which takes into account both the preoperative physiological status and the characteristics of the surgical procedure. 8 The POSSUM score has been investigated in hip fracture patients in a number of studies with variable results with regard to calibration and discrimination. [9] [10] [11] [12] [13] [14] Performance in a Scandinavian setting is unknown. The modified POSSUM equation called Portsmouth-POSSUM (P-POSSUM) was derived after reports of poor calibration of the original POSSUM score in mixed surgical cohorts. The P-POSSUM is based on the same scoring as the original POSSUM and has only been evaluated in smaller studies on hip fracture patients. [15] [16] [17] [18] The Nottingham Hip Fracture Score (NHFS) is specifically designed for risk prediction in elderly hip fracture patients. 19, 20 It is somewhat simpler than the POSSUM and P-POSSUM scores and does not require insertion of operative data, and is thus more suited to preoperative risk evaluation. External validation has to our knowledge only been performed in United Kingdom and in the Netherlands. 12, [21] [22] [23] A recent comparison between the POSSUM and the NHFS suggested that discrimination by the NHFS was superior to that of the POSSUM score. 12 Given that performance of risk scores may be influenced by differences in perioperative care between different countries and changes in care over time, it is of importance that the risk scores are evaluated and compared in new settings.
The main objective of the present study was to test the hypothesis that the POSSUM, P-POSSUM and NHFSs are well calibrated and have a high discrimination in a Swedish cohort of hip fracture patients. For this purpose, we used prospectively collected data from a single centre cohort of patients with out-of-hospital hip fractures. 
| MATERIALS AND METHODS

| Study design
| Risk scores
The POSSUM score is composed of a physiological and an operative severity score. 8 The former has 12 variables with 4 increasing values (1, 2, 4 and 8) giving a range of scores from 12 to 96. The operative score has 6 variables with the same grading and a range from 6 to 48 (Table S1 ). The physiological score was calculated electronically using vital parameters and laboratory values on admission, prescribed medications and comorbidities. The operative severity variable was considered as "major" as described previously. 10, 18 Volume of perioperative blood loss was retrieved from anaesthesia charts. Contamination was not applicable and the variable was assigned a score of 1.
Timing of operation was assigned a score of 4 for all patients ("emergency operation within 48 hours"). Outcomes were 30-day mortality and 30-day morbidity as defined in Appendix S1. Time of death was compared to admission time when defining 30-day mortality. P-POS-SUM and POSSUM risk bands and calculation of predicted number of events for each risk band was done as described previously 26 and further explained in Table S3 .
The NHFS is the sum of 7 variables, which are used to calculate 30-day mortality risk. The variables are age, sex, admission haemoglobin count, cognitive impairment, malignancy, independent living and number of comorbidities (Table S2 ). In the derivation of the score a Mini
Editorial comment
Elderly patients with hip fractures have a high mortality risk. This study assessed the accuracy of the Possum and
Nottingham risk scores for predicting 30-day mortality in a regional cohort from Sweden. Observed variations among the risk bands led the authors to suggest that there probably are other important factors which are not included in these risk models.
Mental Test Score of ≤6 out of 10 was defined as cognitive impairment.
Because the Short Portable Mental Status Questionnaire (SPMSQ) was established at our institution we choose to adjust the score and use a SPMSQ of ≤6 out of 10 as the definition of cognitive impairment. 27 For all other variables, definitions and cut-offs as described in the derivation of the score were used. 19 Estimation of 30-day mortality risk was performed using the modified equation from 2012. 20 To assess if the cohort was a representative sample, demographic data and 30-day mortality data for patients fulfilling inclusion criteria on a national level during the study period were extracted from the Swedish National Quality Register for Patients with Hip Fractures.
| Statistics
No formal power analysis was performed and the number of patients included in the cohort determined the sample size. Performance of the risk scores was estimated by assessment of discrimination and calibration. Discrimination was estimated by calculating the area under the Receiving Operating Characteristics (ROC) curves for the respective scores. Areas under the ROC curve of <0.7, 0.7-0.9 and >0.9 are considered to reflect poor, moderate and high performance respectively. 28 Calibration was evaluated by comparing observed and expected outcomes over different risk bands and for the whole cohort.
Descriptive data are expressed as median and interquartile range unless stated otherwise. 
| Demographics
During the study period, 1845 patients were admitted to Lund
University hospital with a hip fracture of which 1556 fulfilled inclusion criteria and none of the exclusion criteria. A total of 997 of these patients (64%) were included in the study. Majority of the non-included patients were screening failures in which study blood samples for the biomarker study were not collected within 3 hours.
A flow chart of patients is presented in Figure 1 . Demographics for included patients and eligible patients that were not included on a F I G U R E 1 Flow chart of included patients admitted during the study period and reasons for patients not being included national level during the study period are presented in Table 1 . A detailed description of comorbidities, laboratory values and vital parameters of included patients is presented in Table 2 .
| P-POSSUM mortality risk prediction
The P-POSSUM results are shown in Table 3 . More than 80% of the patients had a predicted mortality risk of less than, or equal to 10%
and in this risk band there were 36% more deaths observed than predicted (Table 3 ). All other risk bands underestimated mortality resulting in an overall prediction of 63 deaths and an O:E ratio of 0.98 (95% CI 0.76-1.21). The area under the ROC curve for prediction of 30-day mortality using the combined POSSUM physiological and operative severity score was 0.66 (95% CI 0.59-0.72) (Figure 2) .
Area under the ROC curve was also calculated for the physiological score separately and was 0.66 (95% CI 0.59-0.73).
| NHFS mortality risk prediction
The NHFS results are shown in Table 4 
| POSSUM mortality risk prediction
A total of 62 patients died within 30 days of admission, which corresponds to a mortality of 6.2%. The POSSUM mortality score predicted 69 deaths for the whole cohort resulting in an overall ratio of observed to expected (O:E ratio) deaths of 0.90 (Table S3 ). Almost 80% of the patients were classified as having less than a 20% risk of 30-day mortality (Table S3 ). In patients with a predicted risk of death of ≥20%, the POSSUM score predicted almost twice as many deaths as observed. Area under the ROC curve is identical to that of P-POSSUM as both equations use same scoring for risk prediction.
| POSSUM morbidity risk prediction
A total of 407 patients suffered at least one of the complications defined in the derivation of the POSSUM score, which corresponds to a 30-day morbidity of 41%. A detailed description of the observed Data for patients fulfilling eligibility criteria during the study period were collected from the national quality register for hip fracture patients in Sweden ("Riksh€ oft").
T A B L E 2 Demographics of the study cohort
Patients (n) 997
Systolic Time from admission to operation (hrs) 18 (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) More than 48 h to operation, n (%) 17 (1.7)
COPD, chronic obstructive pulmonary disease. Continuous data are presented as median and interquartile range. complications is presented in Table S5 and Appendix S1. The POSSUM morbidity score predicted a total of 411 complications resulting in an overall O:E ratio for complications of 0.99 (Table S4 ). In the lower (<20%) and higher risk bands (>80%) patients were few and O:E ratios indicated a poor fit (Table S4 ). In risk bands between 20%
T A B L E 3 Portsmouth POSSUM (P-POSSUM) mortality prediction
and 80%, POSSUM morbidity score showed O:E ratios of 0.7-1.2. The area under the ROC curve for prediction of at least 1 complication using the POSSUM morbidity score was 0.60 (95% CI 0.57-0.64).
| DISCUSSION
The results show that the P-POSSUM, POSSUM and NHFS scores are poorly calibrated in our cohort and underestimate mortality in the lower risk bands and overestimate mortality in the higher risk bands. In contrast, POSSUM predicted morbidity well with O:E ratios close to unity in most risk bands. Discrimination for the scores was found to be poor with areas under the ROC curves of 0.67 or less.
The original POSSUM equation was suggested to overestimate the mortality in the lower risk bands and an adjustment of the mortality equation called the P-POSSUM was later introduced. 15 However, the 2 equations were calibrated using 2 different methods and the method used in the calibration of POSSUM results in risk bands that are dependent on the characteristics of the cohort, whereas the P-POSSUM may be used to calculate risk within pre-specified risk bands (for description of the risk bands of the POSSUM mortality and morbidity see Table S3 ). The POSSUM score is thus limited to being an audit tool and not useful to predict outcome of individual patients. In contrast, P-POSSUM is conceptually easier to understand and allows both for prediction of outcome for individual patients and as an audit tool but has not been investigated in hip fracture patients previously. As mentioned previously, POSSUM and P-POSSUM scoring requires intraoperative data and it could be argued that this makes them less suited as screening tools. However, the operative score varies very little between the different patients and the identical areas under the ROC curves for the complete POSSUM score and the Physiological POSSUM scores, respectively, suggest that discrimination is not dependent on this parameter.
Previous studies investigating the calibration and discrimination of the POSSUM score in hip fracture patients have yielded conflicting results. Three studies with the objective to validate POSSUM in hip fracture patients have suggested that POSSUM overestimates mortality in all risk bands. 9, 11, 12 Other studies study reported overall O:E ratios for both mortality and morbidity that were close to unity. 10, 14 Our analysis of outcome in the different risk bands revealed that calibration was poor independent of method to predict mortality. Moreover, ROC analysis in the present study suggests poor discrimination and is very similar to the area under ROC curve reported for hip fracture patients in previous studies (0.62-0.68) 9, 12, 13 with the exception of a single study reporting an area under the ROC curve of 0.83. 14 As suggested above, a potential explanation for the differing results in the studies targeting hip fracture patients is the method used to calculate risk bands. In addition, it is possible that differences in timing for collection of physiological variables and laboratory values in relation to the operation may have influenced results. Our results for hip fracture patients contrast to the good discrimination by the POSSUM score in other patient groups and suggest that parameters other than those included in the score are of importance in these elderly and fragile patients. 29, 30 Comparing complications between studies is precarious because of differences in follow-up, definitions as well as in the reliability of the registration of complications between hospitals and countries at different times. A certain amount of underestimation is likely in all cases. Furthermore, it can be argued that summarizing complications is questionable when for example the same weight is given to a large pulmonary embolus as to a urinary tract infection. Standardized outcome parameters and follow-up times are welcomed. 31 These considerations make it understandable that many previous authors have focused on the mortality prediction of the POSSUM risk score and chosen to omit the morbidity prediction. Our result that, the POSSUM morbidity prediction gave the most accurate O:E ratios over majority of risk bands in hip fracture patients agrees with a smaller study and indicate that POSSUM morbidity prediction could be useful. 16 It should, however, be noted that the area under the ROC curve was only 0.60 indicating poor discrimination.
The NHFS was developed in response to reports of poor performance of POSSUM in hip fracture patient. 9, 19 
| Limitations
Given that only 64% of eligible patients during the study period were included the external validity of our data could be questioned.
However, our result show very similar demographics for eligible patients at our institution, and for potentially eligible patients nationally suggesting that our cohort is a representative sample and supports the external validity of our results.
While our cohort is one of the largest in which, the POSSUM score has been validated in orthopaedic surgery, both patients with high POSSUM and NHFS scores for mortality were relatively rare.
This means that the validation of the scores were sensitive to single events.
| CONCLUSION
We conclude that the POSSUM, P-POSSUM scores and the NHFS have equally poor discrimination with regard to 30-day mortality in this cohort of elderly patients suffering hip fractures. The results suggest that mortality in this group of patients to a large extent is dependent on factors that are not included in these risk scores and highlight the need for novel approaches to identify high-risk patients.
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